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INTRODUCTION 
Chromosome and genetic instabilities were reported in many 
plant species (c.f. Partanen, 1963; Sunderland, 1973; Skirvin, 1978; 
D'Amato, 1976; 1978). D'Amato (1976) suggested that, in higher 
plants, only meristematic cells were genetically stable; explants 
excised from stem apices would then ensure genetic uniformity for in 
vitro plant propagation. However, cultures derived from shoot apices 
were generally inefficient for vegetative propagation. The usefulness 
of a tissue culture technique for cloning would then be judged not 
only by the degree of genetic variation in the tissue culture-derived 
population, but also by the amount of plantlets initiated from a 
culture. 
In this laboratory, rapid cloning through tissue culture has 
been achieved in many forage grass species using young inflorescenes 
as explants (Chen et al., 1977; 1979; Lo et al., 1980). Genetic uni-
formity in these tissue culture-derived grass populations are being 
studied morphologically and cytologically. In a callus culture-
derived big bluestem plant populations, Chen et al. (1981) reported 
the existence of small portions of autotetraploids which were 
primarily identified by their gigantic characters, including pollen 
size. The ploidy of these plants was later identified by meiotic 
chromosome counts. However, in the culture derivatives of Indiangrass 
(Sorghastrum nutans L. Nash), no apparant morphological differences 
were found. This species was believed to be an allotetraploid with a 
chromosome number of 2n = 4x = 40 (Gould, 1956). Thus, some effects 
of chromosome aberrations, if present, might be masked by their 
homoeologous counterparts so that manifestation of the aberrations 
would not be detected morphologically. 
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This thesis deals with meiotic studies of two plant populations 
derived from callus cultures of two genotypes of Indiangrass. 
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REVIEW OF LITERATURE 
Cytological instability has been reported to occur in tissue 
cultures of tobacco pith tissue (Das, et al., 1956; Patau, et al., 
1957; 1961; Fox, 1963; Murashige and Nakano, 1966; Nishiyama and 
Tarira, 1966; Shimada and Tabata, 1967; Ogura, 1976; Binns, et al., 
1980), Vicia faba (Venketeswaran and Spiess, 1963; Yamane,1975; 
Cionini, et al., 1978), pea (Torrey, 1961; Matthysse and Torrey, 
1969), alfalfa (Clement, 1964; Saunders and Bingham, 1972), lily (Ito, 
et al., 1967), rice (Nishi, 1968; 1969), wheat (Shimada, et al., 1969; 
Kao, et al., 1970; Asami, et al., 1975; Inomato, et al., 1976), sugar-
cane (Heinz, et al., 1970), asparagus (Malnassy and Ellison, 1970), 
carrot (Bayliss, 1973; 1975; Teuter and Reinert, 1973), tomato 
(Ramulu, et al., 1976), kale (Horak et al., 1972; 1975), Haplopappus 
gracilis (Singh, 1975), oat (Cummings, et al., 1976), barley (Novak, 
1980), and big bluestem (Chen, et al., 1981). The instabilities 
included the variation in chromosome number, the change in karyotype 
and the abnormalities in meiotic and/or mitotic behaviors. According 
to Sunderland (1973), the principle sources of these chromosomal irre-
gularities were grouped into three types: (1) the spindle abnor-
malities resulting in change of chromosome number, (2) the chromosome 
breakage wi t h or without union of the broken end which leads to 
structural rearrangement, and (3) the DNA replication without the 
intervention of mitosis (endoreduplication). 
Variation in chromosome number in cultured cells was first 
reported by De Torok and White (1960) in wood tumor of Picea glauca. 
The chromosome number varied between 3 and 70 or more while the normal 
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cells had 2n • 22 chromosomes. Later, Murashige and Nakano (1966) 
isolated cells from pith of diploid lineage of Nicotiana tabacum L. 
cv. Wisconsin 38. Of 45 proliferated tissues, 32 regenerated shoots, 
and only one of the reconstituted tissues was confirmed to be diploid. 
The remainders were either tetraploid or highly variable aneuploid. 
Shimada and Tabata (1967) also found cytological mosaicism in the 
explants of tobacco stem pith. In anther and ovary cultures of rice, 
haploid, triploid, pentaploid as well as diploid were observed 
by Nishi and Mitsuoka (1969) in the plants restored from anthe r 
callus and tetraploid from ovary callus. Shimada et al. (1969) disco-
vered the callus of common wheat consisting of euploid and aneup loid 
cells. Various numbers of chromosomes were also shown by 
Narayanaswamy and Chandy (1971) in anther culture-derived plantlet s of 
Datura metel L. Bayliss and Gould (1974) cytologically analyzed t he 
established suspension culture strains of Acer pseudoplatanus (2n = 4x 
• 52) and found the cultures to be entirely aneuploid with modal chro-
mosome numbers of approximately 75 and 135 plus some cells with 
250-350. Horak et al. (1975) obtained 6 diploids, 54 tetraploids and 
11 octoploids from 5 diploid cultures of kale. Yamane (1975) observed 
chromosome variations in calluses of Vicia faba and Allium cepa. Of 
30 cells examined in Vicia faba, 9 (30%) had 12 chromosomes, and 21 
(70%) varying from 13 to 48. Much wider variation of chromosome 
number, from 8 to 72, was found in callus cells of Allium cepa~ Of 40 
cells observed, one had the normal diploid number (2n = 16), nine were 
haploid, while the rest (75%) had higher chromosome numbers. 
Chromosome mosaicism (chimerism) in cell and tissue cultures 
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was first reported by Heinz et al. (1969) in sugarcane cultures. 
Horak (1972) investigated the characters of stomata in regenerated 
plants from stem pith culture of Brassica oleracea L., two of the 17 
plants studied were sectorial chimeras. Carlson and Chaleff (1975) 
induced differentiation of chimera! plants from mixed callus cultures 
of Nicotiana tabacum and the N. glauca x N. langsdorffii amphidiploid 
hybrid. Ogura (1976) also found cytological chimeras in the rege-
nerated plants from a callus culture of Nicotiana tabacum. cv 
Wisconsin No. 38 (2n = 48), and suggested that this mixoploid nature 
might h~ve evolved from the regions of root-tip meristem. Liu and 
Chen (1976) utilized the chromosomal mosaicism to isolate promising 
subclones through tissue culture for sugarcane breeding. Narain 
(1980) found microsporocytes of Glorisa to have variable numbers of 
chromosomes. Sometimes these were enucleate and multinucleate with 
non-synchronization of chromosome development. 
Chromosome structural changes were reported to occur in tissue 
cultures of Daucus carota (Mitra et al., 1960), Haplopappus gracilis 
(Mitra and Steward, 1961), Lolium perenne (Norstog et al., 1969), 
Triticum aestivum and Triticum monococcum (Kao et al., 1970), Crepis 
capillaris (Sacristan, 1971), Vicia hajastana (Singh et al., 1972) 
and Hordeum vulgare L. (Scheunert et al., 1978). Recently, 
Krikorian et al. (1981) compared the karyotypes of root tip cells in 
daylily plants initiated from aseptic cultures to those that had not 
been cultured. No significant differences had been found between 
measured complements of the daylily chromosomes. Earlier, a similar 
report was made by Goeden-Kallemeyn and Chen (1979). Kao et al. 
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(1970) also observed no morphological changes in chromosomes of 
cultured sweet clover and Haplopappus gracilis cells. Thus, karyolo-
gical stability in cultured cells would depend on plant species or 
their cultural conditions. 
Structural changes in cultured cells and plants initiated from 
in vitro cultures were reported by many workers. Meiotic behavior 
during microsporogenesis in tissue culture-derived tobacco plants was 
observed by Murashige and Nakano (1966). Both diploid and tetraploid 
plants showed abnormalities in microsporocytes. Chromosomal bridges 
appeared frequently, but lagging was more pronounced. Singh et al. 
(1972) detected various abnormalities in their anaphase analysis of 
cultured cells of Vicia hajastana. About 88% of anaphase cell s were 
normal. The abnormal configurations included bridge, laggards, 
disorientated chromosome movement, tripolar division and fragment s . 
Bayliss (1973) indicated that the incidence of mitotic abnormalities 
was reduced by the induction of differentiation from cultured carrot 
cells. Singh and Harvey (1975) found abnormalities in anaphase 
figures of cultured Haplopappus gracilis, and suggested that chromo-
some loss due to fragmentation and other mitotic irregularities such 
as lagging chromosome would lead to the production of aneuploid cells. 
Cummings et al. (1976) also found the meiotic aberration in oat 
cultures. 
D'Amato (1977) pointed out that the composition of medium was 
the most important factor conditioning the composition of the proli-
ferating cell fraction in culture. Patau, Das and Skoog (1957) 
induced DNA synthesis in excised tobacco tissues by addition of kine-
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tin and indoleacetic acid to the culture medium on which the cells 
grew. Venketeswaran and Spiess (1963) noted the occurrence of 
fragmentation, formation of micronuclei and other chromosomal aberra-
tions in Vicia faba cultured on the medium containing nucleic acids or 
their salts. A high incidence of polyploid cells was also found in 
their studies. Ito and Stern (1967) reported that microsporocytes of 
Trillium erectum and lilies cultured at leptonema stage showed cytolo-
gical abnormalities, while those explanted at zygonema or later showed 
almost normal. Various substances were tested for their possible 
effects on preserving the spindle mechanism. Among these, coconut 
milk, amino acids or water extracts from meristematic portions of 
roots proved to be effective on restoring normal spindle funct ion to 
cells explanted at mid- to late leptonema stages but not if the cells 
were explanted in early leptonema. Indoleacetic acid, gibberellic 
acid, kinetin, or 2,4-dichlorophenoxyacetic acid was found either no 
effect on meiosis or to induce new abnormalities. Asami et al. (1975) 
detected that the absence of casein hydrolysate in culture medium 
might increase normal diploid cells in their callus culture of 
Triticum aestivum. There was no evidence of any direct effect of 
2,4-D on general mitotic dynamics in the study of carrot suspension 
cultures (Bayliss, 1975). Nandi et al. (1977) observed the effect of 
cytokinin and a-naphthaleneacetic acid {NAA) in Allium cepa cultures. 
The mixoploid root tips of the control series showed· a high percentage 
of polyploidy, but with cytokinin in the medium, all cells were essen-
tially diploid. The effect of NAA was similar to those of cytokinin 
in that diploid cells in the root tip culture were increased nearly 
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100% at the optimum concentration of 5 mg/liter. 
Differences between liquid and solid cultures were first studied 
by Demoise and Partanen (1969). The mitotic index of Paeonia cells in 
liquid was about two and one-half times higher than those cultured on 
solid medium. On the other hand, Singh and Harvey (1975) reported 
that in the Haplopappus gracilis cultures the frequency of polyploid 
cells increased with time on the agar medium, while a drastic increase 
in the frequency of diploids was observed in the suspension culture. 
Age of an explant tissue or a callus would be another problem 
for cytological variations. Kasperbauer and Collins (1972) cultured 
leaf midveins and stalk internode of a haploid tobacco plant, and 
found plants regenerated from midvein of young leaves remained 
haploid. However, calluses initiated from aged leaves different i ated 
into some diploid and some haploid plants. In a long-term culture of 
garden pea, Torrey (1967) noted that there was a progressive loss of 
organ-forming capacity in tissue strains. This loss was parallel to 
an increase of abnormalities of the chromosome constitution, including 
higher numbers and greater frequency of aneuploidy. Bennie!, Buiatti 
and D'Amato (1978) indicated that the prolonged culture in vitro of 
Pelargonium led to the production of nuclei with DNA's of 16 and 32C, 
greater than those occurring in vivo. Singh and Harvey (1975) showed 
that the frequency of both 4n and 8n cells increased with time with a 
conconitant decrease in that of diploids. They also noted that longer 
transfer intervals in their suspension cultures resulted in an 
increase in the frequency of tetraploid cells. Bayliss (1977) had the 
similar report in cell culture of Daucus carota. 
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Although chromosome variation was noted in tissue cultures of 
many plant species, chromosome consistency was reported in callus 
culture-derived plants of Daucus carota, Oryza sativa, Prunus 
amygdalus, Triticum aestivum and daylily. D'Amato (1975) suggested 
that a selective advantages in organogenesis of the original chromo-
some cell line might have existed. Clement (1964) noted that the 
callus initiated from a cultured alfalfa seedlings consisted of diver-
sity of cell types including giant cells. However, all of the plants 
regenerated from the cultured cells had maintained the stable "germ" 
line of 2n = 32. Natural selections for polyploid were also found by 
Murashige and Nakano (1966) in regenerated tobacco plants from pith of 
diploid lineage. Saunders and Bingham (1972) found that most of the 
regenerated alfalfa plants from callus tissues had a tetraploid chro-
mosome number as the donor plant. Singh et al. (1972) described an 
increase of diploid frequency in cultured Vicia hajastana from a few 
to 91.7% after 195 days in culture, indicating a strong selective for 
diploid cells. A similar report was made by Singh (1975) in suspen-
sion cultures of Haplopappus gracilis. Bayliss (1977), Cionini, 
Bennici and D'Amato (1978) found shortening the interval between sub-
culture in favor of selecting _diploid or euploid. 
The most stable monocot culture was reported by Sheridan 
(1974). After seven years of culturing most of the Easter lily callus 
lines still remained diploid and continued to regenerate diploi~ 
plants. 
10 
MATERIALS AND METHODS 
Two field established plant populations (A and B) which were 
derived from callus cultures of two Indiangrass (Sorghastrum nutans L. 
Nash) genotypes were used for this study. The callus cultures were 
initiated from segments of young inflorescences and subcultured on RM 
medium (Linsmaier and Skoog, 1965) supplemented with 5 mg 2,4-dichloro-
phenoxyacetic acid (2,4-D)/liter for five passages (one 
passage/month) before differentiating into shoots. The RM basal 
medium with the auxin omitted was used for plant regeneration. The 
methods of culturing were described by Chen et al., (1977, 1979 ). The 
plants were grown one meter apart in the Larson Farm (SDSU). 
Young inflorescences which furnished meiocytes were collected 
when the flag leaf extended approximately 3 em above the joint of the 
lower leaf, fixed in acetic alcohol (1 glacial acetic acid : 3 abso-
lute alcohol) for 2 days, and then stored in 70 percent ethanol. The 
fixation was carried out in mid-July, 1980. 
Meiotic chromosomes in pollen mother cells, prepared by using 
the acetocarmine squash technique described by Chen and Gregory 
(1973), were examined from diakinesis to tetrad stage in each plant. 
Chromosome counts were made at diakinesis from at least 10 cells in 
each sample. Chromosome behaviors were studied from at least 30 cells 
for each meiotic stage. A total of 74 plants were examined, 39 from 
population A and 35 from population B. 
Pollen size and viability were checked and used as indirect 
indicators of chromosome abnormalities in each plant. For preparing 
pollen slides, branches of inflorescences with dehiscing anthers were 
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collected in the early morning. Pollen grains were shaken over a drop 
of aceto-carmine on a microslide. On·e hundred viable pollen grains 
from each plant were randomly measured with a filar micrometer. The 
percent of viable pollen grains in each plant was also recorded. 
12 
RESULTS AND DISCUSSION 
Chromosome counts at diakinesis or metaphase I (MI) indicated 
that all plants had 40 chromosomes. This agreed to the findings of 
Church (1929) and Gould (1956) who suggested that Indiangrass was an 
allotetraploid with the basic number X = 10. 
In most cases 20 bivalent chromosomes were observed at diakine-
sis (Fig lA). As meiosis proceeded to anaphase I, they separated 
evenly and moved toward the opposite poles (Fig lB). Later, these 
chromosomes were included in the daughter nuclei at telophase I (Fig 
lC). Chromosomes again assembled on the equatorial plate of the two 
daughter cells at metaphase II (Fig 10). As meiosis proceeded into 
anaphase II (Fig 1E), sister chromatids of each chromosome separated 
and a tetrad resulted (Fig lF}. 
However, a small portion of pollen mother cells in some plants 
showed meiotic irregularities, which included the presence of one open 
bivalent or two univalents at diakinesis or metaphase I (Fig 2A, 2B, 
3B); lagging chromosomes (Fig 4), chromosome stickiness (Fig 5), or 
micronuclei at telophase I (Fig 6A); lagging chromosome at metaphase 
II or anaphase II (Fig 6B, 7A); and micronuclei at tetrad stage (Fig 
7B). 
Plants showing abnormal meiotic behavior are summarized in 
Table 1. It appeared that all of these two genotypes had the same 
types of abnormalities. However, the abnormal chromosome behavior 
occurred in the plants of genotype I1, much more frequently than in 
genotype I4. 
A detailed study was carried out in three plants of genotype I1, 
I 
I 
3 ' 13 
Figure 1. Pollen mother cells of a callus culture-derived Indiangras 
plant. 
A. Diakinesis with 20 bivalent (2n a 40), X3,000. 
B. Anaphase I showing normal chromosome separation (20 -
20). X3,000. 
C. Telophase I X3,000. 
D. Metaphase II. X2,600. 
E. Late Anaphase II. X2,400. 
F. A tetrad. X2,400. 
14 
I 
I 
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Figure 2. Pollen mother cells of a callus culture-derived Indiangras: 
plant at diakinesis showing (A) 19 II + 2 I (arrow) and (B 
19 II plus one open bivalent chromosome (arrow). X3,000. 
16 
17 
Figure 3 . Pollen mother cells of a callus culture-derived Indiangras 
plant at metaphase I showing (A) laggards in one side of 
metaphase plate (arrow) ·X2,000 and (B) two univalents 
(arrow) X2,600. 
18 
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I 
l\\\\1\l 
3 19 
Figure 4. Me iotic abnormalities at anaphase I of a callus culture-
derived Indiangrass plant showing: 
A. one lagging chromosome (arrow) X3,000. 
B. one split univalent (arrows) X3,000. 
C. two split univalents (arrows) X2,500. 
D. three fragment chromosomes (arrows) X2,000. 
20 
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Figure 5. An anaphase I pollen mother cell of a cal l ts 
culture-derived Indiangrass showing stickiness chromosomes 
X2,400. 
22 
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Figure 6. Pollen mother cells of a callus culture-derived Indiangrass 
plant showing 
A. Micronuclei (arrows) at telophase I X2,600: 
B. Lagging chromosomes (arrow) at metaphase II X2,600. 
24 
I 
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Figure 7. Pollen mother cells at later meiotic stages of a callus 
culture-derived Indiangrass. 
A. An anaphase II cell showing a small and almost invisible 
fr~gment (arrow) X2,600. 
B. A tetrad with micronuclei (arrows) X2,600. 
26 
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Table 1. Occurrence of meiotic abnormalities in plants derived from 
callus cultures of two Indiangrass genotypes . 
Plants showing meiotic 
No. plants abnormalities 
Genotypes observed No. % 
Il 39 22 56.4 
14 35 7 20.0 
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and two of !4 to ascertain whe ther the abnormalities were due to gene-
tic or environmental cause. 
As shown in Table 2, in al l instances, the fre quencies of 
occurrence of univalents at diakinesis or metaphase I were very low, 
ranging from 1.74% to 3.45%. This coincided with the occurrence of 
laggards at anaphase I which ranged from 1.67% to 2. 37%. No apparent 
differences were found among _these genotypes. No translocation multi-
valent chromosomes or inversion bridges were detected in any of the 
plants studied. 
Analyses of pollen size and viability of genot ype I 1, indicated 
that the grain size varied continuously from 38.5 to 46.6 ~m with an 
average of 43.30 + 1.96 ~m. All these appeared to fit into a haploid 
(n) size. No significant number of abortive pollen grain was obtained 
in this genotype. The average pollen viability was high at 95.02 + 
2.75%. Thus, the meiotic abnormalities formed in these plants 
appeared due to the environmental effects. 
Carnahan and Hill (1 961), in their study of cytology and gene-
tics of forage grasses, pointed out that meiosis in autotetraploids, 
segmental allopolyploids or some higher polyploids was often charac-
terized by some univalents at diakinesis or metaphase I , chromosome 
stickiness or laggards at anaphase and micronuclei in tetrads. 
A meiotic survey of the original explant seems necessary in 
order to determine whether these abnormalities were due to culture 
conditions. However, never before has any literature reported such a 
high incidence of chromosome abnormalities in tissue culture rege-
nerated plants. Since the frequency of these abnormalities found in 
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Table 2. Frequency of meiotic abnormality in five regenerated 
Indiangrass plants. 
Diakinesis or MI AI 
20 II 19 II + 2 I 20 - 20 laggards 
Plant No. No. % No. % No. % No. % 
I1 - 11 168 96.55 6 3.45 412 97.63 10 2.37 
I1 - 14 158 97.53 4 2.47 224 98.25 4 1.75 
I1 - 16 169 98.26 3 1.74 294 98.33 5 1.67 
I4 - 19 144 97.30 4 2.70 252 97. 67 6 2.33 
I4 - 54 162 97.60 4 2.40 256 97.71 6 2.29 
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individual plants was extremely low, environmental effec ts should be 
considered in the interpre t a tion of this meiotic behavior. 
Effects of tempera ture on meio tic behavior were reported in 
many grass species (c.f. Carnahan & Hill, 1961). A emperature of up 
to 37°C had a significant effec t on chiasma frequenc y at diakinesis, 
thereby affecting the occurrence of univalents, lagg ing chromosomes, 
or micronuclei in the subsequent stages. Pao and Li (1948 ) noted that 
high temperatures had both direct effects and after-effects on 
meiosis in rye and other crops. The direct effects resul t e d in a 
disturbance of the spindle mechani sm. The increase in frequency of 
univalent chromosomes was due to an after-effect which was presumed to 
be related to the insufficiency or excess of some chemical substance 
influencing the exchange of parts between homologous chromosomes. 
Grun (1952) reported that genotypes of Poa which mad e weak growth 
tended to have a higher univalent frequency than genotypes of a good 
growth. Kato and Yamagata ( 1980) also reported that high temperature 
of 30°C disturbed the process of pairing of homologous chromosomes in 
common wheat. These studies clearly demonstrated that some features 
of meiosis might be affected by variables of external environment. It 
appeared that the environmental effects would be amplified on chromo-
some behavior in polyp loid such as Indiangrass, from which the meiotic 
samples were collected under the ho t July weather. 
However, in Plant 14-23, a shadow-like structure accompanied 
with 4 lagging half chromosomes (Fig 8) was observed . Sakolov et al. 
(1974) in their studies of Crepis capillaris and £· tectorum found 
that almost all cells displayed amorphous structures resembling the 
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pycnotic "micronuclei" which arise after the death of acentric 
fragments. They termed these structures "shadows" , which apparently 
were the missing chromosomes under the process of lysis in hypopo-
lyploid cells. These shadows later became completely reabsorbed in 
the cytoplasm in the subsequent nuclear cycle. 
In this study, this kind of amorphous shadows occurred very 
rarely (2 in 254), most of the missing chromosomes found in this 
observation seemed to disintegrate gradually into small fragments or 
micronuclei and then disappeared in cytoplasm. 
The lagging chromosomes occurred in the pollen mother cells of 
the tissue culture-derived Indiangrass plants might have r esulted from 
two homologous chromosomes which failed to pair or paired but 
separated prematurely during the early stage of meiosis. As a result, 
these univalent chromosomes were left at the equatorial plate at 
anaphase I. These lagging chromosomes might split into fragments and 
form micronuclei. As mentioned previously, the frequency of these 
meiotic aberrations found in individual plants was relatively low. 
The occurrence of meiotic abnormalities in the callus culture-
derived Indiangrass might also attribute to chromosome aberrations in 
cultured cells from which the plants were differentiated, since 
various chromosomal aberrations were reported by Mitra and Steward 
(1961) in the cultured Haplopappus gracilis cells. 
~ 
Furthermore, effects of 2,4-D on chromosome aberrations in 
cultured cells were reported in many instances. Singh (1975) 
suggested that 2,4-D might be a factor for inducing chromosome abnor-
malities in suspension cultures of Haplopappus gracilis. Bayliss 
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Figure 8. A pollen mother cell of the callus culture-derived Indian-
grass I4 - 23 showing fragments and shadow of lysis {arrows) 
at anaphase II X2,600. 
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(1975) reported that omission of 2,4-D in medium induced a significant 
drop in the frequency of multipolar mitoses in carrot cultures. In 
this study, Indiangrass plants were differentiated from callus 
cultures which had been maintained on RM medium containing 5 mg 
2,4-D/liter fo r five passages. Thus, the chromosome aberrations 
observed at meiosis in the callus culture-derived plants might have 
resulted from the adverse effects of culture environments. However, 
in view of the facts that natural selection generally favored the nor-
mal cells to proliferate , and have better chance to differentiate into 
plantlets than aberrant cells. Bayliss (1973) reported that in cultured 
carrot cells aberrant chromosomes seemed to lose totipotency for deve-
loping into plants. William and Collin (1976) also indicated chromo-
somal and genetic variations occurred in celery callus cells, but the 
plantlets der ived from the differentiating tissues were almost normal. 
They assumed that the number of these abnormal cells in the culture 
was small and made little contribution, if any, to embryo production. 
In this study, a high incidence (39.2%) of plants showing 
abnormal meiotic behaviors was noted but the frequency of occurrence 
of the aberrant cells was very low. Furthermore, all of the abnor-
malities observed appeared to result from a difficulty in chiasma for-
mation in one or two pairs of chromosomes. Such a difficulty could be 
occasionally induced by some adverse environmental effects, such as 
high temperature, which prevailed at the time when the cytological 
materials were fixed. 
In a similar experiment, Chen et al. (1981) obtained two auto-
tetraploid plants in two callus culture-derived big bluestem populations. 
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No other cytological abnormalities were detected among the forty plants 
examined. 
It appeared that the Indiangrass plants regenerated from a 
short-term culture would be genetically uniform as further judged by 
external morphology and pollen viability. The application of tissue 
culture techniques for rapid cloning of this species seems to be 
feasible. 
SUMMARY 
Meiotic studies were made on 74 plants of two morphological 
uniform populations derived from callus cultures of two Indiangrass 
(Sorghastrum nutans. Nash) genotypes. Thirty-nine plants were from 
genotype I 1, and 35 from I4. 
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Meiot ic chromosomes in pollen mother cells were examined from 
diaki nesis to tetrad stage in each plant. All of the plants studied 
had 40 chromosomes. Most of them showed 20 bivalent at diakinesis or 
metaphase I. However, 22 of 39 (56.4%) plants from genotype I1 and 7 
of 35 (20. 0%) from genotype I4 contained one open bivalent or two uni-
valents per cell, but the frequencies of occurrence of these con-
figurations were extremely low (1.74% - 3.45%). These abnormalities 
lead to the presence of lagg ing chromosomes or chromosome stickiness 
in anaphase I , micronuclei a t telophase I, lagging chromosomes at 
metaphase and anaphase II, and micronuclei at tetrad stage. An 
amorphous sha dow-like structure which indicated the lysis of lagging 
chromosomes was also observed in I4 - 23 plant. However, no other 
chromosome aberrations such as translocations and inversions were 
detected. 
The high incidence of abnormal meiotic behaviors within the 
populations but a low frequency of the abnormalities in each plant 
would suggest that the occurrence of these abnormalities might have · 
been induced by some adverse environmental effects instead of culture 
conditions. Thus, the application of tissue culture techniques for 
rapid cloning of Indiangrass is feasible. 
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APPENDIX I. 
Types of meiotic abnormalities (+) in two callus culture-derived 
Indiangrass plant populations 
Plant No./Type of Abnormalities I II III IV v VI VII 
I1 - 1 + + + 
I1 - 2 + + + 
I1 - 3 + 
I1 - 5 + + 
11 - 7 
11 - 9 
11 - 10 + 
11 - 11 + + + 
I1 - 12 + + + + 
11 - 13 
11 - 14 + + + + + + + 
I1 - 15 
11 - 16 + + + + 
11 - 17 
I1 - 18 + 
I1 - 19 + + 
!1 - 20 
I1 - 21 
Il - 22 
11 - 23 
11 - 24 + + 
11 - 25 
11 - 26 
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!1 - 26 
!1 - 27 + + 
!1 - 28 
!1 - 31 + + + + 
!1 - 32 
!1 - 33 
!1 - 34 
11 - 35 + + + 
!1 - 36 + + 
!1 - 38 + 
!1 - 40 + + + 
!1 - 41 + 
!1 - 42 + + 
!1 - 43 + + + 
Il - 44 + 
Il - 45 
!4 - 16 + 
!4 - 18 
!4 - 19 + + + + + + 
!4 - 20 
!4 - 21 
!4 - 22 
!4 - 23 + + 
!4 - 24 
!4 - 26 
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!4 - 27 
!4 - 28 
!4 - 29 + + 
!4 - 30 + + + 
!4 - 31 
!4 - 33 
!4 - 34 
!4 - 36 
!4 - 37 
!4 - 38 
!4 - 39 
!4 - 40 
!4 - 41 
!4 - 42 + + + 
!4 - 43 
!4 - 44 
!4 - 45 
!4 - 48 
!4 - 51 
!4 - 52 
!4 - 53 
!4 - 54 + + + + + 
!4 - 55 
14 - 56 
14 - 57 
14 - 58 
Types of Abnormalities: 
I. Univalents in diakinesis or metaphase I 
II. Lagging chromosome in anaphase I 
III. Sticky chromossomes in anaphase I 
IV. Lagging fragments in telophase I. 
V. Lagging chromosomes in metaphase II. 
VI . Lagging chromosomes in anaphase II. 
VII. Tetrads with micronuclei. 
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